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(1) Real Party in Interest 

A statement identifying by name the real party in interest is contained in the brief. 

(2) Related Appeals and Interferences 

The following are the related appeals, interferences, and judicial proceedings known to 
the examiner that may be related to, directly affect or be directly affected by or have a bearing on 
the Board's decision in the pending appeal: 

Application Serial Number 10/414,637, which is a divisional of the instant application. 

(3) Status of Claims 

The statement of the status of claims contained in the brief is correct. 

(4) Status of Amendments After Final 

The appellant's statement of the status of amendments after final rejection contained in 
the brief is correct. 

(5) Summary of Claimed Subject Matter 

The summary of claimed subject matter contained in the brief is correct. 



(6) Grounds of Rejection to be Reviewed on Appeal 

The appellant's statement of the grounds of rejection to be reviewed on appeal is correct. 
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(7) Claims Appendix 

The copy of the appealed claims contained in the Appendix to the brief is correct. 

(8) Evidence Relied Upon 

Evidence Appendix A: sequence comparison between SEQ ID NOs:2 and 4. 
Evidence Appendix B: Tounsi et al, 2003, J. Appl. Microbiol. 95:23-28. 
Evidence Appendix C: Minshull et al 

Evidence relied upon and provided by Appellant: 

Lazar et al, 1988, Mol. Cell Biol. 8:1247-1252: see Appellant's Appendix B. 

Hill et al, 1998, Biochem. Biophys. Res. Comm. 244:573-577: see Appellant's Appendix 

C. 

de Maagd et al, 1999, Appl. Environ. Microbiol. 65:4369-4374: see Appellant's 
Appendix D. 

Angsuthanasombat et al, 2001, J. Biochem. Mol. Biol. 34:402-407: see Appellant's 
Appendix E. 

Li et al: see Appellant's Appendix G. 

(9) Grounds of Rejection 

The following ground(s) of rejection are applicable to the appealed claims: 

a. Claims 1-3, 9-12, 17-19, 38, 43, 46, 49, 52 and 55-64 are rejected under 35 
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U.S.C. 1 12, first paragraph, because the specification, while being enabling for nucleic acids 
encoding SEQ ID NO:2 and 10, expression cassettes comprising the nucleic acids, plants and 
seeds comprising a construct comprising the nucleic acid, and a method of using it to impact a 
plant pest, does not reasonably provide enablement for any nucleic acid that has 90% identity to 
SEQ ID NO:l, expression cassettes comprising the nucleic acid, plants and seeds comprising a 
construct comprising the nucleic acid and a method of using it to impact a plant pest. The 
specification does not enable any person skilled in the art to which it pertains, or with which it is 
most nearly connected, to make and/or use the invention commensurate in scope with these 
claims. 

The claims are broadly drawn to a nucleic acid that has 90%, 93%, 94% or 95% identity 
to SEQ ID NO:l and that encodes a Coleopteran pesticidal protein, expression cassettes 
comprising the nucleic acids, plants and seeds comprising constructs comprising the nucleic 
acids, and a method of using the constructs to impact a plant pest. 

The instant specification, however, only provides guidance for methods of assaying the 
activity of B. thuringiensis strain 1218 and lysate against Western corn rootworm and Southern 
corn rootworm (examples 1 and 2); isolation of crystal protein from the strain and assaying of it 
for pesticidal activity against western corn rootworm (example 3); identification of two coding 
regions, Cryl218-1 and Cry 12 18-2 (SEQ ID NO:l and 3, respectively, with SEQ ID NOs:27 and 
28 as the genomic clones), isolated by unknown methods, as encoding proteins, SEQ ID NOs:2 
and 4, respectively, that have an unspecified homology to Cry8Bal (example 4); production in E. 
coli of the truncated proteins, SEQ ID NOs:15 and 17, encoded by SEQ ID NOs:16 and 18, 
respectively, that are active against southern corn rootworm (example 4); and production of 
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maize-preferred coding sequences of a different truncated version of Cryl218-1 - the nucleic 
acid is SEQ ID NO:9, which encodes SEQ ID NO: 10 (example 5). The specification also 
teaches making three mutant versions of truncated Cryl218-1 (SEQ ID NO:16), one of which 
has a truncated N-terminus (comprising amino acids 43-663 of SEQ ID NO: 16), and the others in 
which the 4 amino acid sequence NGSR or LKMS has been inserted after amino acid 164 or 
replacing amino acids 164-166 - all of these mutant proteins are more effective against southern 
and western corn rootworm than Cryl218-1 (examples 6-7). The specification also teaches 
transformation of maize with SEQ ID NO:9 (examples 8 and 9). 

The instant specification fails to provide guidance for how to make nucleic acids that 
have 90%, 93%, 94% or 95% identity to the full-length of SEQ ID NO:l and that encode a 
Coleopteran pesticidal protein. The instant specification thus also fails to provide guidance for 
how to make expression cassettes comprising the nucleic acids, plants and seeds comprising a 
construct comprising the nucleic acids and a method of using it to impact a plant pest. 

The instant specification fails to provide guidance for the full scope of which amino acids 
of SEQ ID NO: 2 can be altered and to which other amino acids, and which amino acids must not 
be changed, to maintain Coleopteran pesticidal activity of the encoded protein. The specification 
also fails to provide guidance for the full scope of which amino acids can be deleted and which 
regions of the protein can tolerate insertions and still produce a functional enzyme. 

Because nucleic acids that have 90% identity to the 3621 nucleotide long SEQ ID NO:l 
would have up to 362 nucleotide substitutions, they could encode proteins with up to 362 amino 
acid substitutions; these proteins would have 70% identity to the 1206 amino acid long SEQ ID 
NO:2. The specification provides no guidance for which 362 amino acids to substitute and still 
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maintain Coleopteran pesticidal activity. Thus, undue trial and error experimentation would be 
required to make the claimed nucleic acids. 

Similarly, nucleic acids that have 93% identity to SEQ ID NO:l would have up to 253 
nucleotide substitutions, nucleic acids that have 94% identity to SEQ ID NO:l would have up to 
217 nucleotide substitutions and nucleic acids that have 90% identity to SEQ ID NO:l would 
have up to 181 nucleotide substitutions, producing proteins with 79%, 82% and 85% identity, 
respectively, to the 1206 amino acid long SEQ ID NO:2. 

The specification on pg 28, lines 5-16, suggests making these nucleic acids by making 
conservative substitutions in the encoded protein. However, making "conservative" substitutions 
(e.g., substituting one polar amino acid for another, or one acidic one for another) in proteins 
does not produce predictable results. Lazar et al (1988, Mol. Cell. Biol. 8:1247-1252) showed 
that the "conservative" substitution of glutamic acid for aspartic acid at position 47 reduced 
biological function of transforming growth factor alpha while "nonconservative" substitutions 
with alanine or asparagine had no effect (abstract). Similarly, Hill et al (1998, Biochem. 
Biophys. Res. Comm. 244:573-577) teach that when three histidines that are maintained in ADP- 
glucose pyrophosphorylase across several species are substituted with the "nonconservative" 
amino acid glutamine, there is little effect on enzyme activity, while the substitution of one of 
those histidines with the "conservative" amino acid arginine drastically reduced enzyme activity 
(see Table 1). The nucleic acids encoding all these mutated proteins, however, would have much 
greater than 90% identity to the nucleic acids encoding the original protein. 

Making amino acid substitutions in cry proteins is also unpredictable. Each cry protein 
only has activity against one or few insect species (de Maagd et al, 1999, Appl. Environ. 
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Microbiol. 65:4369-4374, see pg 4369, column 1, paragraph 1), and even conservative 
substitutions in nonconserved regions can have unexpected effects on protein function (Figs 2 
and 3). Even a single amino acid substitution in a cry protein may alter its insecticidal 
specificity, and toxicity must be determined empirically (Tounsi et al, 2003, J. Appl Microbiol. 
95:23-28; see pg 27, column 2, paragraph 2). For example, a conservative substitution of a 
lysine for an arginine in a cryl 1 A protein eliminated toxicity to Aedes aegyptii but not other 
pests to which the wild-type protein has toxicity (Angsuthanasombat et al, 2001, J. Biochem. 
Mol. Biol. 34:402-407, paragraph spanning the columns on pg 405). 

The specification, on pg 65, lines 12-14, indicates that the instant SEQ ID NO:l has 
homology to GenBank U04365, which is identical to SEQ ID NO:3 of Michaels et al (1996, US 
Patent 5,554,534). This nucleotide sequence has 85.1% identity to SEQ ID NO:l. The 
specification, on pg 29, suggests using GenBank U04365 (SEQ ID NO:3 of Michaels et al ) as 
the other nucleic acid in shuffling to create the claimed nucleic acids; however, that nucleic acid 
encodes a protein with 79.8% identity to the instant SEQ ID NO:2 (see sequence search report). 
Thus, this sequence cannot be used as guidance for nucleic acids with 90% identity to SEQ ID 
NO:l and that encode proteins with 70% identity to SEQ ID NO:2, as encompassed by the full 
scope of the claims. 

Furthermore, SEQ ID NO:3 of Michaels et al is pesticidal for Cyclocephala borealis 
(northern masked chafer) and Popillia japonica (Japanese beetle)(column 14, line 46, to column 
15, line 2), whereas the instant SEQ ID NO:l is pesticidal to Diabrotica longicornis howardi 
(southern corn rootworm). Given the teachings of Tounsi et al, de Maagd et al, and 
Angsuthanasombat et al, one of skill in the art could not even predict for which pests the protein 
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encoded by nucleic acids that have 90% identity to SEQ ID NO:l would be toxic, and the 
specification does not teach which amino acid substitutions must can be made to retain southern 
corn rootworm pesticidal activity. 

Given the claim breath, unpredictability, and lack of guidance as discussed above, undue 
experimentation would have been required by one skilled in the art to develop and evaluate 
nucleic acids with 90% identity to SEQ ID NO: 1 . a trail and error approach to making the 
claimed nucleic acids may require one to make all possible single amino acid substitutions in 
SEQ ID NO:l. Making all possible single amino acid substitutions in an 3621 nucleotide long 
nucleic acid like that of SEQ ID NO:l would require making and analyzing 19 nucleic acids 
(or 2.3 X 10 4630 nucleic acids; for comparison, the estimate of the total number of atoms in the 
universe is 10 81 ). These nucleic acids would have about 99.99% identity to SEQ ID NO:l. 
Because nucleic acids that have 90% identity to SEQ ID NO:l would have up to 362 nucleotide 
substitutions, many more than 19 3621 nucleic acids would need to be made and analyzed without 
further guidance. 

Guo et al (2004, Proc. Natl. Acad. Sci. USA 101 : 9205-9210) teach that while proteins 
are fairly tolerant to mutations resulting in single amino acid changes, increasing the number of 
substitutions additively increases the probability that the protein will be inactivated (pg 9209, 
right column, paragraph 2). Thus, making and analyzing proteins with up to 362 amino acid 
substitutions that also have pesticidal activity would require undue experimentation. 

As the specification does not describe the transformation of any plant with nucleic acids 
with 90% identity to SEQ ID NO:l and encoding Coleopteran pesticidal proteins within the full 
scope of the claims, undue trial and error experimentation would be required to screen through 
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the myriad of nucleic acids encompassed by the claims and plants transformed therewith, to 
identify those that could control plant pests, if such plants are even obtainable. 

Given the claim breath, unpredictability in the art, undue experimentation, and lack of 
guidance in the specification as discussed above, the instant invention is not enabled throughout 
the full scope of the claims. 

b. Claims 1-3, 9-12, 17-19, 38, 43, 46, 49, 52 and 55-64 are rejected under 35 
U.S.C. 1 12, first paragraph, as containing subject matter that was not described in the 
specification in such a way as to reasonably convey to one skilled in the relevant art that the 
inventor(s), at the time the application was filed, had possession of the claimed invention. 

A full review of the specification indicates that nucleic acids that have 90%, 93%, 94% or 
95% identity to SEQ ID NO:l and that encode Coleopteran-pesticidal proteins are essential to 
the operation of the claimed invention. 

The level of skill and knowledge in the art at the time of filing was such that while large 
number of Coleopteran pesticidal proteins were known, nucleic acids that have 90%, 93%, 94% 
or 95% identity to SEQ ID NO:l and that encode such Coleopteran-pesticides were not. 

The claim is directed to a genus of nucleic acids that have 90%, 93%, 94% or 95% 
identity to SEQ ID NO: 1 . Nucleic acids that have 90%, 93%, 94% or 95% identity to SEQ ID 
NO:l would have up to 362 nucleotide substitutions, they could encode proteins with up to 362, 
253, 217 or 181 amino acid substitutions relative to the to the 1206 amino acid long SEQ ID 
NO:2. 

The structural features that distinguish Coleopteran-pesticide-encoding nucleic acids that 
have 90%, 93%, 94% or 95% identity to SEQ ID NO:l from other that have 90%, 93%, 94% or 
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95% identity to SEQ ID NO:l are not described in the specification. The specification recites no 
structure required for Coleopteran-pesticide activity. The necessary and sufficient structural 
elements of a protein with Coleopteran-pesticidal activity are not described. 

The only species described in the specification is SEQ ID NO: 1, which encodes SEQ ID 
NO:2, a truncated version of SEQ ID NO:l, and a few nucleic acids with a few nucleotide 
substitutions relative to SEQ ID NO: 1 . 

One of skill in the art would not recognize that Applicant was in possession of the 
necessary common attributes or features of the genus in view of the disclosed species. Since the 
disclosure fails to describe the common attributes that identify members of the genus, and 
because the genus is highly variant, SEQ ID NO:l alone is insufficient to describe the claimed 
genus. 

Hence, Applicant has not, in fact, described nucleic acids with 90%, 93%, 94% or 95% 
identity to SEQ ID NO: 1 and that encode a protein pesticidal for at least one pest belonging to 
the order Coleoptera within the ftill scope of the claims, and the specification fails to provide an 
adequate written description of the claimed invention. 

Therefore, given the lack of written description in the specification with regard to the 
structural and physical characteristics of the claimed compositions, it is not clear that Applicant 
was in possession of the genus claimed at the time this application was filed. 

(10) Response to Argument 

a. Claims 1-3, 9-12, 17-19, 38, 43, 46, 49, 52 and 55-64 do not meet the full 
enablement requirement of 35 U.S.C. 1 12, first paragraph. 
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The claimed invention is not fully taught in the specification. 

Appellant argues that sequences that fall within the scope of the claims, guidance for 
making alterations, methods for assaying, a discussion of Cry-8-like endotoxins, guidance for 
determining percent identity and specific mutations that fall within the scope of the claims 
(Brief, pg 6-7). 

However, the guidance is insufficient, given the scope of the claims. 

Limiting the percent identity of the claimed nucleic acid and requiring a function do not 
teach which amino acid substitutions may be made in the proteins. The guidance on pg 17-18 
and 33-37 merely discusses fragment size, percent identity, and calculation of percent identity. 
However, guidance for determining percent identity does not teach which amino acid 
substitutions are permissible. The guidance fails to sufficiently teach which 362 amino acid 
substitutions to make in SEQ ID NO:2, given the unpredictability in making amino acid 
substitutions in Cry proteins. 

Appellant argues that they teach multiple truncated variants of SEQ ID NO:l, as shown 
in the Briefs Table, and the variants have 38-92% identity over the full-length of SEQ ID NO:l, 
as calculated on a program available over a web-site; a copy of that webpage Is not in the case 
(Brief, pg 7-8). 

However, the specification does not teach nucleic acid within the full scope of the claims. 

First, SEQ ID NO:27 is the genomic sequence. It encodes SEQ ID NO:2, and, as 
indicated by the rejection, nucleic acids encoding SEQ ID NO:2 are enabled. SEQ ID NO:9 is 
maize-optimized sequence encoding the truncation, SEQ ID NO: 10. Although not claimed, 
nucleic acids encoding SEQ ID NO: 10 are enabled. 
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Second, it is worth noting that the nucleic acids themselves are not pesticidal for 
Coleopterans; the proteins they encode are. These proteins are summarized in Table A below: 



TABLE A. 



Protein 


Corresponds to 


Same sequence 
as 


Encoded by 


SEQ ID NO:2 


full-length Cryl218-1 protein 




SEQ IDNO:l, 
SEQ ID NO:27 


SEQ ID NO:6 


amino acids 1-667 of SEQ ID NO:2 




SEQ IDNO:5 


SEQ ID NO:16 


amino acids 1-669 or SEQ ID NO:2 


np/\ tt\ \TA. 1 A 

SEQ ID NO: 10 


SEQ ID NO:15. 
SEQ ID NO:9 


SEO ID NO 12 


amino acids 1-669 of SFO ID N02 with NGSR 
inserted between amino acids 164 and 165 




Qpn ID NOI 1 


SEQ ID NO:22 


amino acids 1-669 of SEQ ID NO:2 with LKMS 
inserted between amino acids 164 and 165 




SEQ IDNO:21, 
SEQ IDNO:39 


SEQ ID NO:24 


amino acids 1-669 of SEQ ID NO:2 with amino 
acids 164-166 replaced with LKMS 


SEQ ID NO:44 


SEQ ID NO:23 


SEQIDNO:20 


amino acids 48-663 of SEQ ID NO:2 




SEQ ID NO: 19 


SEQ IDNO:30 


amino acids 48-663 of SEQ ID NO:2 with NGSR 
inserted between amino acids 164 and 165 




SEQ ID NO:29 


SEQ ID NO:32 


amino acids 48-663 of SEQ ID NO:2 with LKMS 
inserted between amino acids 164 and 165 


SEQ ID NO:42 




SEQ ID NO:34 


amino acids 48-663 of SEQ ID NO:2 with amino 
acids 164-166 replaced with LKMS 




SEQ IDNO:33 


SEQ ID NO:4 


full-length Cryl218-2 protein 




SEQ ID NO:3 
SEQ IDNO:28 


SEQ ID NO:8 


amino acids 1-667 of SEQ ID NO:4 




SEQ ID NO:7 


SEQ ID NO: 18 


amino acids 1-673 of SEQ ID NO:4 




SEQ ID NO: 17 



As can be seen, there is little diversity in the sequence of the proteins taught in the 



specification. All that is taught are SEQ ID NO:s 2 and 4, and two truncations of SEQ ID NO:2 
and 4 and variants of the SEQ ID NO:2 truncations with several small mutations at one particular 
site in the protein. One of ordinary skill in the art knows that it is only the N-terminal half the 
large Cry proteins that is the actual toxin (see for example, de Maagd, pg 4369, left column, 
paragraph 1). Further, it is well-known that the full-length protein is difficult to express in 
plants, and expression of the truncated protein is sufficient to confer pesticidal activity to the 
plant, (see, for example, Adang v. Fischhoff 62 USPQ2d 1504). Thus, the truncated proteins are 
obvious from the teaching of SEQ ID NO:2. 
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One of skill in the art would not consider a truncated protein as having 56% identity to 

the full length protein, but would only look at it as a truncated protein. The local match 

similarity between SEQ ID NO.T5 and the first half of SEQ ID NO:l is 100%. This can be 

represented as in the following 20 amino acid long "protein" in which the Original amino acids 

are represented by "O": 

Original: OOOOOOOOOOOOOOOOOOOO 
Truncated with 50% query match similarity 0000000000 

One of skill in the art would understand a protein with 50% identity to encompass the 
following types of proteins, where in the following "S" represents any amino acid other than the 
original: 

Original: OOOOOOOOOOOOOOOOOOOO 
Protein with 50% identity SOSOOSOOSOSOSOSSSOSO 
Protein with 50% identity SOOSOSOSOOSOSSOSSOOS 
Protein with 50% identity OSOSOOSOOSOSOSOSOSSO 
Protein with 50% identity OOSOOSOOSOSOSOSOSOSO 

Thus, SEQ ID NO: 16 does not teach a protein with 56% identity to SEQ ID N0:2, and 
SEQ ID NO: 1 5, the nucleic acid that encodes SEQ ID NO: 16, does not teach a nucleic acid with 
55% identity to SEQ ID NO: 1 . 

Similarity, SEQ ID NO:20 does not teach a protein with 52% identity to SEQ ID N0:2 - 
it consists of amino acids 48-663 of SEQ ID N0:2 - and SEQ ID N0:21, the nucleic acid that 
encodes SEQ ID NO:20, does not teach a nucleic acid with 55% identity to SEQ ID N0:1 . 
Further it's identification of SEQ ID NO:20 as having 92% local identity to amino acids 1-699 of 
SEQ ID No:2 is equally misleading, as SEQ ID NO:20 only spans amino acids 48-663 of SEQ 
ID N0:2. 
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That the specification provides guidance in making nucleic acids encoding proteins with 
truncations at amino acid 663, 699 and 667, eliminating the C-terminus, and truncations off a 
portion of the N-terminus (in which the first 47 amino acids are eliminated) is not disputed. 
However, this is not anywhere near the full scope of the genus of claimed nucleic acids. 

Further, even if one were to consider SEQ ID NO:20 and 16 as teaching proteins with 
52% and 56% identity to SEQ ID NO:2, they would not teach how to make proteins with 362 
amino acid substitutions over the entire length of SEQ ID NO:2. 

Third, the 4 amino acid long substitutions/insertions at amino acid 164 of SEQ ID NO:2 
are a teaching of variants, but these variants do not teach the full scope of the claimed variants. 
One of skill in the art would not consider these sequences as teaching which 181,217, 253 or 
362 amino acids to substitute in SEQ ID NO:2. 

Fourth, SEQ ID NO:3 differs from SEQ ID NO:l primarily in a 400 nucleotide long 
region (see search results; SEQ ID NO:2 and 4 differ by only 16 amino acids over amino acids 1- 
514 of SEQ ID NO:2, and are identical over amino acids 655-1206 of SEQ ID NO:2). Because 
the vast majority of substitutions are localized to such a small area, the protein it encodes, SEQ 
ID NO:4, has only about 132 amino acid substitutions relative to SEQ ID NO:2. Thus, SEQ ID 
NO: 3 cannot provide all the necessary guidance for making nucleic acids with 90% identity to 
SEQ ID NO:l and encoding a protein with 362 amino acid substitutions relative to SEQ ID 
NO:2, as encompassed by the full scope of the claims. 

In summary, the specification fails to teach how to make nucleic acids within the full 
scope of the claims. 
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Appellant argues that SEQ ID NO: 19 comprises only 1860 nucleotides of the 3621 
nucleotides of SEQ ID NO:l, but it still retains activity, showing that it is likely that altering one 
or more of the other 1761 nucleotides of SEQ ID NO:l would not disrupt function; furthermore, 
SEQ ID NO:9 encodes the same protein as SEQ ID NO:19 but has maize optimized codons, and 
it shares 38% global identity to SEQ ID NO:l and 68% local identity (Brief, pg 8). 

However, one of skill in the art would not consider a truncated protein as providing 
guidance for making amino acid substitutions in SEQ ID NO:2. Substitutions in the latter half of 
the protein affect the folding of the entire protein, and cannot be made willy-nilly just because a 
protein can be truncated. 

All the studies on Cry protein structure and Cry protein amino acid substitutions look 
only at the N-terminal half of the proteins (See Li et al, Tounsi et al, de Maagd et al, and 
Angsuthanasombat et al). There is no guidance in the art or the specification for making amino 
acid substitutions in the C-terminal half; because no guidance is provided, one would have to 
use trail and error experimentation to make nucleic acids within the full scope of the claims. 
Multiple amino acid substitutions within the C-terminal half of the Cry protein would alter 
overall protein structure, affecting its stability of the protein and/or availability of the protease 
site to insect enzymes, thus rendering the protein non-toxic. 

Further, the claims encompass nucleic acids that encode Coleopteran pesticides that have 
substitutions over the entire length of SEQ ID NO:2, not just substitutions in one region. The 
specification does not teach how to make such nucleic acids. 
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The teachings in the specification are not sufficient for one of skill in the art to make and 
use the claimed invention 

Appellant argues that the examiner overlooks the guidance in the specification for 
making nucleic acids with 90%, 93%, 94% or 95% identity to SEQ ID NO:l; guidance is 
provided on pg 8 and 29 and examples 4, 6 and 7 (Brief, pg 8-9). 

However, the guidance provided in the specification is not sufficient to teach how to 
make nucleic acids within the full scope of the claims. 

Pg 8 of the specification defines terms like "protein", "amino acid", isolated", and 
"pesticidal activity", but does not provide any guidance for making nucleic acids encoding 
Coleopteran pesticidal proteins with 362 amino acid substitutions relative to SEQ ID NO:2. 

The specification, on pg 29, suggests using GenBank U04365 as the other nucleic acid in 
shuffling to create the claimed nucleic acids; however, GenBank U04365 encodes a protein with 
79.8% identity to the instant SEQ ID NO:2. Thus, this sequence cannot be used as guidance for 
nucleic acids with 90% identity to SEQ ID NO:l and that encode proteins with 70% identity to 
SEQ ID NO:2, as encompassed by the full scope of the claims. 

Furthermore, SEQ ID NO:3 of Michaels et al is pesticidal for pesticidal for Cyclocephala 
borealis (northern masked chafer) and Popillia japonica (Japanese beetle), whereas the instant 
SEQ ID NO:l is pesticidal to southern corn rootworm. Given the teachings of Tounsi et al, de 
Maagd et al, and Angsuthanasombat et al, one of skill in the art could not even predict for which 
pests the protein encoded by nucleic acids that have 90% identity to SEQ ID NO:l would be 
toxic, and the specification does not teach which amino acid substitutions to make to retain 
proper pesticidal activity. The claims require that the protein be pesticidal for Coleopterans; the 
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specification does not teach the full scope of substitutions that would retain that activity. 

Examples 4, 6 and 7 teach making the truncations and the two 4 amino acid substitutions 
presented in Table 1 of the Reply Brief. Why these examples do not teach nucleic acids within 
the full scope of the claims is discussed above. 

Further, the specification on pg 3, lines 4-8, even acknowledges the unpredictability in 
making amino acid substitutions in Cry proteins: 

Although numerous investigators have attempted to make mutant endotoxin proteins with improved insecticidal 
activity, few have succeeded. In fact, the majority of genetically engineered B. thuringiensis toxins that have 
been reported in the literature report endotoxin activity that is no better than that of the wild-type protein, and in 
many cases, the activity is decreased or destroyed altogether. 

Appellant argues that the amount of experimentation required is not undue - claim 9 
requires the steps required of claim 1 plus the transformation of a plant; because plant 
transformation is not undue, claim 9 requires no undue experimentation. Applicant makes a 
similar analysis for claim 17 (Brief, pg 9) 

However, making nucleic acids within the full scope of the claims requires undue 
experimentation. 

Making the nucleic acids would require undue experimentation because the specification 
does not provide sufficient guidance as to which 362 amino acid substitutions can be made in 
SEQ ID NO:2. Thus, one would need to randomly make nucleic acids encoding proteins with 
362 amino acid substitutions and test them. Because the lack of guidance in the specification 
means this would require trail and error experimentation, because of the likelihood of protein 
inactivation (see Guo et al, pg 9209, right column, paragraph 2), and because of the 
unpredictability of amino acid interactions in Cry proteins (de Maagd et al, 1999, pg 4369, 
column 1, paragraph 1), this experimentation would be undue. 
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Appellant argues that SEQ ID NO:3 has 92% identity to SEQ ID NO: 1, providing 
guidance for which residues can be mutated, and the maize-optimized SEQ ID NO:9, which has 
38% global identity to SEQ ID NO: 12, provides further guidance (Brief, pg 9-10). 

However, SEQ ID NO:9 encodes amino acids 1-669 of SEQ ID NO:2; there are no 
amino acid substitutions in the encoded protein. The protein SEQ ID NO: 3 encodes, SEQ ID 
NO:4, has only about 132 amino acid substitutions relative to SEQ ID NO:2. 

Thus, none of SEQ ID NO: 3, SEQ ID NO:9 or the specification provide sufficient 
guidance for making nucleic acids with 90% identity to SEQ ID NO:l and encoding a protein 
with 362 amino acid substitutions relative to SEQ ID NO:2. 

Appellant argues that shuffling could be used to make the claimed nucleic acids, as was 
customary at the time of filing, citing US 5,837,458, Minshull et al and Christians et al (Brief, pg 
10). 

However, with respect to using DNA shuffling, the specification, on pg 29, suggests 
using GenBank U04365, which is identical to SEQ ID NO:3 of Michaels et al (1996, US Patent 
5,554,534), as the other nucleic acid in shuffling; however, this sequence encodes a protein with 
79.8% identity to the instant SEQ ID NO:2. Thus, such a nucleic acid could not be used to 
generate a nucleic acid that encodes a Coleopteran pesticidal protein with 70% identity to SEQ 
ID NO:2. Furthermore, Christians et al did not produce proteins with only 70% identity to the 
starting protein (see paragraph spanning pg 260-261). 

Minshull et al teaches that a population should be used as the starting material (pg 284, 
right column, paragraph 4); the specification does not teach such a population. Minshull et al 
also teaches that the activities of chimeric enzymes are not predictable simply by comparing 
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those of the parent enzymes (paragraph spanning pg 288-289); thus, even if the population of 
starting materials has been provided, making nucleic acids that encode proteins pesticidal to 
coleopterans and have substitutions within the full scope of the claims is not predictable. 

Thus, the teachings of '458, Minshull et al and Christians et al are insufficient to provide 
guidance for making the claimed nucleic acids, and Minshull et al argues that doing so would be 
unpredictable. 

Appellant argues that at the time of filing it was routine to mutate amino acids in a 
protein then test for activity, citing Lazar et al, Hill et al, Tounsi et al, de Maagd et al, and 
Angsuthanasombat et al; these references show it is possible to make the claimed nucleic acids 
(Brief, pg 10-11). 

However, although point mutations and substitutions of a few amino acids have been 
made in Cry proteins, no one has substituted 362, 253, 217 or 181 amino acids of a Cry protein, 
as encompassed the claimed nucleic acids. Angsuthanasombat, de Maagd et al, and Tounsi et al 
show that interactions between amino acids in Cry proteins is much more complex than can be 
predicted from guidance in the specification or the art. 

de Maagd were surprised by many of their results (pg 4373, right column, paragraphs 2- 
3), showing that the residues have complex and unpredictable interactions with one another or 
with the insect receptor. 

The amino acids critical to SEQ ID NO:2 activity are not taught, nor can they be 
predicted from the art. 
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Appellant argues that the specification teaches Cry proteins have 5 conserved blocks and 
3 domains, and because the truncated protein retains activity, the deleted region would tolerate 
changes made using the guidance in the specification (Brief, pg 11). 

However, the claims are not limited to changes made only in the deleted region, of such 
changes even can be made. The 5 conserved blocks and 3 domains in the N-terminal half of the 
protein (the non-deleted region) are not also sufficient to teach which 362 amino acid 
substitutions to make over the full length of the protein, as encompassed by the full scope of the 
claims. 

Appellant argues that because assays for determining if the protein retains activity were 
disclosed, one could make and test the modified nucleic acids, and nothing more is required to 
enable the claims (Brief, pg 1 1-12). 

However, the teachings for how to make the claimed nucleic acids are inadequate for the 
full scope of those nucleic acids. Thus, the making and testing cycle could be repeated ad 
infinitum without success. 

Appellant argues that the Declaration of Dr. Abad stated that the procedures in examples 
4, 6 and 7 were routine, and Lazar et al, Hill et al, Tounsi et al, de Maagd et al, and 
Angsuthanasombat et al support this (Brief, pg 12). 

However, the procedures in examples 4, 6 and 7 only teach two truncations and two four 
amino acid insertions/substitution at the same site in the protein. These examples and the prior 
art only teach how to make a very small subset of the nucleic acids encompassed by the claims. 
None of these teach how to make a nucleic acid encoding a Coleopteran pesticidal protein with 
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362 amino acid substitutions distributed over the full length of SEQ ID NO:2, as encompassed 
by the claims. 

The reasoning provided by the Office is well-founded. 

Appellant argues that guidance is provided for which sequence alterations may be made, 
and the claims require both a structural component and a functional one; Appellant again refers 
to Table 1 of the Brief (Brief, pg 12-13). 

However, Table 1 only teaches a very small subset of the claimed nucleic acids and does 
not provide guidance for making the full scope of the claimed nucleic acids, as discussed above. 
Further, a requirement that the nucleic acid has both a particular structure and a particular 
function does not teach which structure confers the claimed function. 

Appellant argues that the analysis that one must make and test all possible combinations 
is incorrect, because, citing In re Borkowski, is it improper determine an appellant's claims are 
broader than they really are (Brief, pg 13). 

However, Appellant's claims actually do encompass nucleic acids encoding Coleopteran 
pesticidal proteins with 362 amino acid substitutions distributed over the entire length of SEQ ID 
NO:2. Appellant has not denied that such nucleic acids are encompassed by their claims. Thus, 
In re Borkowski does not apply to the instant case. 

Appellant argues that the specification provides guidance for making modifications, 
describes the domains of Cry proteins, provides insights into where modifications may be made, 
and teaches assays and variants (Brief, pg 13-14). 
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However, the guidance and insights are not sufficient for making nucleic acids encoding 
Coleopteran pesticidal proteins with 362 amino acid substitutions distributed over the entire 
length of SEQ ID NO:2. The variants and teaching of assays do not make up for this lack. 

Appellant argues that the examiner overlooks the guidance in Li et al, as cited on pg 25 of 
the specification (Brief, pg 14). 

However, Li et al only provides guidance for making truncations and insertion of 
chymotrypsin cleavage sites; Li et al do not provide guidance for making 181,217, 253 or 362 
amino acid substitutions in a 1206 amino acid protein. Further, de Maagd et al, 1999, teach that 
that the crystal structure of CrylC only allows for limited prediction of the structure of the 
closely related Cryl Aa (pg 4373, right column, paragraph 4). Thus, Li et al would provide even 
less guidance for making a Cry-8 like protein, which is even less related to Cry3A than CrylC is 
to Cryl Aa. 

Further, the instant inventors did not use Li et al to make 181,217, 253 or 362 amino acid 
substitutions in a 1206 amino acid protein to create a Coleopteran pesticidal protein. 

Appellant argues that SEQ ID NO:3 is a natural variant of SEQ ID NO:l (Brief, pg 15). 

However, SEQ ID NO:3 does not encode a protein that has 362 amino acid substitutions 
relative to SEQ ID NO:2 - it encodes a protein that has only about 132 amino acid substitutions 
relative to SEQ ID NO:2. Thus, it does not provide guidance for making nucleic acids within the 
full scope of the claims. 

Appellant argues that SEQ ID NO: 19 has 52% global identity to SEQ ID NO:l, enabling 
claims to nucleic acids with 90% identity to SEQ ID NO:l (Brief, pg 15). 
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However, SEQ ID NO: 19 encodes a protein the consists of the first 669 amino acids of 
SEQ ID NO:2. Such truncated sequences do not provide guidance for how to make nucleic acids 
that encode Coleopteran pesticidal proteins with 362 amino acid substitutions relative to SEQ ID 
NO:2. 

Appellant argues that the truncated sequences establish that a region can be deleted to 
produce a protein that retains activity; one of skill in the art would recognize that this region 
would likely tolerate modifications, as well as which regions can be deleted (Brief, pg 15-16). 

However, one of skill in the art would recognize that multiple amino acid substitutions 
within the C-terminal half of the Cry protein would alter overall protein structure, affecting its 
stability of the protein and/or availability of the protease site to insect enzymes, thus rendering 
the protein non-toxic. Deletion is not the same thing as amino acid substitution. Furthermore, 
the claims are not limited to nucleic acids that encode proteins that have only amino acid 
substitutions in the C-terminal half of SEQ ID NO:2, but encompass nucleic acids that encode 
Coleopteran pesticidal proteins with 362 amino acid substitutions distributed over the entire 
length of SEQ ID NO:2, as well as nucleic acids that encode Coleopteran pesticidal proteins with 
362 amino acid substitutions in only the N-terminal half of SEQ ID NO:2. The specification 
does not teach how to make any of these. 

Appellant argues that the claims do not require a deletion or substitution, only that the 
nucleic acids have the recited percent identity (Brief, pg 16). 

However, the claims encompass nucleic acids that encode Coleopteran pesticidal proteins 
with 362 amino acid substitutions relative to SEQ ID NO:2. They are not limited to nucleic 
acids that encode SEQ ID NO:2 or its truncations, SEQ ID NOs: 16 and 20. 
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Appellant argues that the requirement that Applicant make and test every possible 
substitution is improper, and many changes can be made that do not change the amino acid 
sequence of the encoded protein (Brief, pg 16). 

However, making and testing every possible substitution is not required. One must 
practice trial and error experimentation, however, because the guidance in the specification is so 
insufficient. Practicing trail and error experimentation may well mean that an impossibly large 
number of possible substitutions must be tested. The numbers of possible single amino acid 
substitutions is presented to illustrate the scale of the trail and error experimentation required. 

Appellant argues that SEQ ID NO: 3 provides support for substitutions that can be made 
(Brief, pg 16). 

However, SEQ ID NO:3 does not provides support for substitutions within the full scope 
of the claims. SEQ ID NO:3 does not encode a protein that has 362 amino acids substitutions 
relative to SEQ ID NO:2 - it encodes a protein that has only about 132 amino acid substitutions 
relative to SEQ ID NO:2. Thus, it does not provide guidance for making nucleic acids within the 
full scope of the claims. 

The experimentation required is undue. 

Appellant argues that the examiner has not established that the experimentation required 
is undue and has ignored the guidance in the specification (Brief, pg 17-18). 

However, the guidance in the specification is not sufficient for making nucleic acids 
encoding Coleopteran pesticidal proteins with 362 amino acid substitutions distributed over the 
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entire length of SEQ ID NO:2, as encompassed by the full scope of claims. Thus, making these 
nucleic acids, if it is even possible to do so, would require undue experimentation. 

See Amgen Inc. v. Chugai Pharmaceutical Co. Ltd., 18 USPQ 2d 1016 at page 1027: 

... despite extensive statements in the specification concerning all the analogs of the EPO gene that can 
be made, there is little enabling disclosure of particular analogs and how to make them. Details for 
preparing only a few EPO analog genes are disclosed. Amgen argues that this is sufficient to support 
its claims; we disagree. This "disclosure" might well justify a generic claim encompassing these and 
similar analogs, but it represents inadequate support for Amgen's desire to claim all EPO gene analogs. 
There may be many other genetic sequences that code for EPO-Type products. Amgen has told how to 
make and use only a few of them and is therefore not entitled to claim all of them. 

The cited references support the rejection. 

Appellant argues that Lazar is drawn to transforming growth factor alpha, a small 
mammalian peptide unrelated to Cry proteins and thus irrelevant to the claims; it would be 
unsurprising to one of skill in the art that changes in conserved amino acids would lead to loss of 
function and the purpose of Lazar was to study the primary structure of the protein (Brief, pg 18- 
19). 

However, Lazar et al teach the unpredictability in making amino acid substitutions in 
proteins, and this unpredictability is applicable to large non-mammalian proteins. Further, Lazar 
et al only made single amino acid substitutions. The claims encompass nucleic acids that having 
90% identity to SEQ ID NO:l and encoding Coleopteran pesticidal proteins with 362 amino acid 
substitutions. Guo et al teaches that increasing the number of substitutions above single amino 
acid changes additively increases the probability that the protein will be inactivated (pg 9209, 
right column, paragraph 2). Thus, without further guidance, one of skill in the art could not 
make this many substitutions and still produce functional proteins. 

Appellant argues that Hill is drawn to ADP-glucose pyrophosphorylase, proteins 
unrelated to Cry proteins and thus irrelevant to the claims; it would be unsurprising to one of 
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skill in the art that changes in conserved amino acids would lead to loss of function, and that Hill 
shows strictly conserved residues whose functions are essential (Brief, pg 19). 

However, Hill et al teach the unpredictability in making amino acid substitutions in 
proteins with a number of homologs, and this unpredictability is applicable to other proteins. 
Hill et al made single amino acid substitutions, and found unpredictably in those; making 
nucleic acids that having 90% identity to SEQ ID NO:l and encoding Coleopteran pesticidal 
proteins with 362 amino acid substitutions would be much more unpredictable. Guo et al teaches 
that increasing the number of substitutions above single amino acid changes additively increases 
the probability that the protein will be inactivated (pg 9209, right column, paragraph 2). Thus, 
without further guidance, one of skill in the art could not make this many substitutions and still 
produce functional proteins. 

Appellant argues that de Maagd teaches that much is known about Cry protein structure 
and that essential residues have been identified in insect-specific toxicity; this knowledge can be 
used to make substitutions in the claimed nucleic acids (Brief, pg 20). 

However, de Maagd were surprised by many of the results (pg 4373, right column, 
paragraphs 2-3), showing that the residues have complex and unpredictable interactions with one 
another or with the insect receptor. Further, de Maagd et al teach that that the crystal structure of 
CrylC only allows for limited prediction of the structure of Cryl Aa (pg 4373, right column, 
paragraph 4). The essential residues for insect-specific toxicity must be determined for each Cry 
protein. 
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Appellant argues that Tounsi shows that using alignments and domain information 
substitutions can be made in Cry proteins, and Angsuthanasombat show that mutations in regions 
known to be essential for toxicity effect toxicity (Brief, pg 20-21). 

However, Tounsi and Angsuthanasombat show that single amino acid substitutions made 
using alignments and domain information were unpredictable. If single amino substitutions were 
that unpredictable, making 362 amino acid substitutions, including in regions of the protein 
where no domain information is known, would be even more unpredictable. 

The specification does not meet the standard for enablement. 

Appellant argues that that one would only need to make the claimed variants and assay 
them for activity using routine methods; thus the amount of experimentation is not undue; the 
plant transformation steps also do not require undue experimentation (Brief, pg 22). 

However, while the plant transformation steps are relatively straightforward, making 
nucleic acids within the full scope of the claims would require undue experimentation, given the 
insufficient guidance in the specification. 

Appellant argues that based on the guidance of exemplary nucleic acids and proteins and 
methods for assaying, one of skill in the art could choose among possible sequence modifications 
and test them for activity; thus the quantity of experimentation is not undue, citing 
nonprecedential Board decisions (Brief, pg 22). 

However, the number of modifications encompassed by and required by the claims would 
require undue experimentation in making those nucleic acids. Furthermore, Federal Circuit Rule 
47.6 prohibits the citation of nonprecedential opinions. 
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Appellant argues that just because some experimentation is required, it does not mean 
that the experimentation is undue (Brief, pg 23). 

However, make nucleic acids with 90%, 93%, 94% or 95% identity to SEQ ID NO:l and 
encoding Coleopteran pesticidal proteins with up to 362, 253, 217 or 181 amino acid 
substitutions relative to SEQ ID NO:2 would require undue experimentation, given that the 
specification does not teach how to make such nucleic acids. 

Claims 38, 43, 49, 55, 56, 58, 59, 63 and 64 are also not enabled 

Appellant argues that these claims are narrower in scope and should be considered in 

view of the arguments above (Brief, pg 24). 

However, the specification also does not teach how to make nucleic acids with 93%, 94% 

or 95% identity to SEQ ID NO:l and encoding Coleopteran pesticidal proteins with up to 253, 

217 or 181 amino acid substitutions relative to SEQ ID NO:2. 

b. Claims 1-3, 9-12, 17-19, 38, 43, 46, 49, 52 and 55-64 do not meet the written 
description requirement of 35 U.S.C. 112, first paragraph. 

The claimed sequences are not adequately described in the specification. 

Appellant argues that the Table in the Brief shows sequences that have been modified but 
still retain the activity (Brief, pg 25). 
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However, the sequences in the Table do not describe the structure of nucleic acid within 
the full scope of the claims. No nucleic acid with 90% identity to SEQ ID NO:l and that encodes 
a Coleopteran pesticidal protein with 70% identity to the original protein has been described. 

Appellant argues that individual support for each species is not required, only that a 
representative number be described (Brief, pg 25). 

However, a representative number of species encompassing the full scope of the claims 
have not been described. The specification has not described the structure of any nucleic acid 
with 90% identity to SEQ ID NO:l and that encodes a Coleopteran pesticidal protein with 362 
amino acid substitutions relative to SEQ ID NO:2 , much less the full scope of such nucleic 
acids. 

Appellant argues that the Written Description Guidelines, Lilly and Enzo state that 
written description requires a precise definition by structure, which is present in the 90% identity 
recitation (Brief, pg 26). 

However, Enzo states: "the written description requirement would be met ... if the 
functional characteristics of [a genus of polypeptides] were coupled with a disclosed correlation 
between that function and a structure that is sufficiently known or disclosed" (emphasis added). 
The correlation between that function and a structure is not sufficiently known in Cry proteins as 
a whole, and the description and assays provided in the specification are insufficient. 

Only a portion of the structural features have been described - the percent identity to SEQ 
ID NO: 1 . But because this includes nucleic acids in which the protein sequence has a very large 
number of amino acid substitutions, those amino acid substitutions that do not alter the function 
of the protein must be described. They are not. A representative number of nucleic acids that 
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have 90%, 93%, 94% or 95% identity to SEQ ID NO:l and up to 362, 253, 217 or 181 amino 
acid substitutions, respectively, relative to the to the 1206 amino acid long SEQ ID NO:2 are not 
described. 

Appellant argues that Example 14 of the Written Description Guidelines says that 
proteins with 95% identity to a given sequence identifier and that have a specified activity are 
described (Brief, pg 26-27). 

However, the instant claims are not drawn to proteins with 95% identity to a given 
sequence identifier and that have a specified activity or to nucleic acids encoding such proteins. 
The claims encompass nucleic acids that encode proteins that have 70%, 79%, 82% and 85% 
identity to SEQ ID NO:2. Thus, the fact pattern in the instant case is different from that in 
Example 14 of the Written Description Guidelines. 

There is insufficient written description support in the specification. 

Appellant argues that the specification describes 14 variants with 38%-92% identity to 
SEQ ID NO:l (Brief, pg 28-29). 

However, these variants are very similar to one another. The full scope of nucleic acids 
encompassed by the claims are not described. For example, the specification does not describe 
the structure of any nucleic acid encoding a Coleopteran pesticidal protein with 362 amino acid 
substitutions distributed over the full length of SEQ ID NO:2. 



Lilly applies to the instant case. 
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Appellant argues that Invitrogen indicates that that case is different from the fact pattern 
in Lilly and Feirs, and argue this would apply here (Brief, pg 29-30). 

However, the fact pattern in Invitrogen is different from the instant case; the claims in 
Invitrogen were drawn to known proteins mutated so that one function is lost. In the instant 
case, the claims are drawn to proteins in which up to 30% of the amino acids are substituted but 
that retain the activity. The structural features of such nucleic acids are not described. 

Claims 38, 43, 49, 55, 56, 58, 59, 63 and 64 are also not described. 

Appellant argues that these claims are narrower in scope and should be considered in 
view of the arguments above (Brief, pg 30). 

However, the specification also does not describe the structure of nucleic acids with 93%, 
94% or 95% identity to SEQ ID NO: 1 and that encode Coleopteran pesticidal proteins with up 
to, 253, 217 or 181 amino acid substitutions relative to SEQ ID NO:2. 

(11) Related Proceeding(s) Appendix 

No decision rendered by a court or the Board is identified by the examiner in the Related 
Appeals and Interferences section of this examiner's answer. 

For the above reasons, it is believed that the rejections should be sustained. 
Respectfully submitted, 
Anne Kubelik 
Primary Examiner 
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ABSTRACT 

S. TOUNSI, N. ZOUARI AND S. JAOUA. 2003. 

Aims: Cloning and expression of a hew cry] la-type gene of Bacillus ikuringiensis. 

Methods and Results: PCR amplification, using gene <ry//-specific primers revealed the presence of such a gene 
in the strain BNS3 of Bacillus ikuringiensis subsp. kurstaki. The cloning and sequencing from BNS3 of the cry J la- 
type gene, called crybns3-3 y showed an open reading frame of 2160-bp, encoding a protein of 719 amino acid 
residues. Both nucleotide and amino acid sequences similarity analysis revealed that the crybns3-3 is a new cry 1 la- 
type gene, presenting several differences from the cry J la-type genes. The study of the expression of crybns3-3 by 
Northern blot and RT-PCR showed that it was transcribed. The expression of crybns3-3 under the control of Btl 
and BtH promoters revealed that Crybns3-3 would co-crystallize with the endogenous deita-endotoxins. 
Conclusions: crybns3-3 is a novel cryJIa gene isolated from B. thuringiensis subsp. kurstaki strain BNS3. 
Significance and Impact of the Study: The characteristics of crybns3-3 indicate that it is a new crylla-type 
gene. Amino acid residue substitutions presented in Crybns3-3 could be exploited for bod) toxicity and specificity 
studies. Crybns3-3 would interact and co-crystallize at least partially with the endogenous delta-endotoxins of 
BNS3, and then participate in the formation of the parasporal crystal inclusions. 

Keywords: Bacillus ikuringiensis, cloning, crylla, DNA sequence, expression. 



INTRODUCTION 

Bacillus ikuringiensis (Bt) is a Gram-positive bacterium 
characterized by the production of insecticidal crystal 
proteins during sporulation, exhibiting a wide variety of 
insecticidal specificities towards lepidopteran, coleopteran 
and dipteran insect species (Hdfte and Whiteley 1989). 
These proteins are termed del ta-endo toxins because of their 
intracellular location and have been used for many years as 
successful biological insecticides. Delta-end otoxins encoded 
by cry genes have been classified as Cry) -2-3. . . proteins, 
depending on rheir host specificity and their amino acid 
sequences (Hofte and Whiteley 3989). The occurrence of 
insect resistance to Cry proteins (Tabashnik ei al 1990) has 
been attributed to a reduction in the affinity of the 
proteolyticaliy activated Cry toxin for binding to the 

Correspondence to: S. Jaoiia, Lahoratoire ties Biopesticides, Centre de Biotecknolo$i( 
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membrane of mid-gut epithelial cells of the larvae (Tabash- 
nik et al. 1990). In order to prevent the continuous 
development of resistance to Bt insecticides > a search for 
novel Bt strains (Zouari et al. 2002a) harbouring new cry 
genes has been undertaken (Shin et al 1995). Thus, Tailor 
et al. (1992) reported a new class of cry genes encoding 
proteins that could not be found in solubilized Bt crystal 
preparations. Such a gene is designated crylla (Crickmore 
et al 1998) on the basis of the following criteria: (i) it has 
62% sequence homology with crylBa (Tailor et al 1992) 
and (ii) when expressed in Escherichia coli, the encoded 
81 kDa protein, showed specificity and insecticidal activity 
against lepidoprerans (Osirima nubilalis) and coieopterans 
[Lepiinoiarsa decimlineata) (Tailor et al 1992). However, 
other groups (Shin et al 1995) have reported the cloning 
and characterization of silent cry! la-type genes in different 
Bt strains. Recently, Masson et al (1998), reported that the 
Bt subsp. aizawai strain HD133 expressed a cry]Ja-type 
gene at the early stages of the sporulation phase. 
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In this paper, we report chc cloning, the nucleotide 
sequence and the study of the expression of a new cry I la- 
type gene named crybns3-3. isolated from the strain BNS3 
(Tounsi et al. 1999) of Bt, and whose promoter has been 
previously identified (Tounsi and Jaoua 2002). 

MATERIALS AND METHODS 

Bacterial strains, piasmids and growth conditions 

The strain BNS3 employed in the present work is Bt kurstaki 
subsp. H3a, 3b, 3c (Tounsi et al 1999). This strain produces 
bipyramidal parasporal crystals exhibiting insecticidal activ- 
ities (Tounsi et al 1999). This strain was selected for the 
large-scale production of bioinsecticides (Zouari et al. 1998, 
2002b). The strain J3NS3Cry~ is an acrystalliferous strain 
derivative of BNS3 (Tounsi et al. 1999). Escherichia coliDHSa 
obtained from Amersham (Sunnyvale, CA, USA), was used as 
a cloning host. Plasmid pBluescript 11 KS(+) (Stratagene, La 
Jolla, CA, USA) was the vector used to construct the genomic 
library. Plasmid pHTBlue, a derivative of pHT3101, was 
made in the laboratory by substituting the multiple cloning 
site of the latter for that of the plasmid pBluescript II KS 
(unpublished data). It was used to study the expression of cry 
genes in Bt. Plasmid ^HTBcrybns3-3 was constructed in this 
work by cloning the gene crybmS S of BNS3 in the plasmid 
pHTBlue, downstream of the Btl and Bill promoters. Strains 
BNS3(pHTBcrytms3-3) and BNS3Cry-(pIITB^W-J) 
were constructed in this work by transferring the plasmid 
pHTBrryfoMj-J, respectively, to BNS3 and HNS3Cry~- .LB 
broth (Samhrook et al. 1 989) was used for growth of Bt and E. 
colt. Glucose medium was used for dclta-endo toxin produc- 
tion by Bt strains (Zouari el al 1998). 

Preparation of DNA and DNA probe, and PCR 
amplification 

Plasmid DNA was extracted from Bt strains using the alkali 
lysis method including a lysozyme treatment step (Sam- 
brook et al. 1989). Primers cry 5 A and cry5B (Shin et al. 
1995) were synthesized by the Centre de Genetique 
Moleculaire, CNRS, GENSET, Orsay, France. PCR was 
accomplished as described by jaoua et al. (1996). The 
rrv//fl-specific probe was prepared from UN S3, by PCR 
using primers crySA and crySB. 

Nucleic acid hybridization 

Restricted DNAs were size separated by electrophoresis in 
horizontal 0-8% agarose slab gels and transferred to nylon 
membrane (Hybond N + ; Amersham) (Sarnbrook et al. 
1989). Prehybridization and hybridization of filters were 
carried out as described in Sarnbrook et al. (1989). 



Cloning experiment, transformation procedures 
and DNA sequencing 

Plasmid DNA purified from the BNS3 was digested with 
Clal and BamlR and separated by electrophoresis through a 
0-8% agarose gel. DNA fragments (3-kb) were ligatcd to 
pBluescript II KS digested with both Clal and BamlR. 
Transformation of E. coh DllSa was performed according to 
the manufacturer's protocol (Bethesdn Research Laborator- 
ies, Bethcsda, MD, USA). Transformation of BNS3Cry 
and BNS3 was accomplished by elcctroporation using a 
Bio-Rad Gene Pulser (BioRad, Hercules, CA, USA), 
according to Lcrcclus et aL (1989). 

DNA sequences were obtained according to the dideoxy- 
chain termination method using the Thermo Sequenase 
cycle sequencing kit (Amersham). Sequence comparisons 
were performed using Blast through the NCBI E-mail 
server. 

The DNA sequence of crybn$3-3 had been deposited in 
the EMBL and Gene Bank data bases under the accession 
number AJ315121. 

RNA isolation, RT-PCR, Northern blot analysis 

Total RNA from BNS3 and BNS3Cry- was isolated from 
cells grown in 10 ml of LB medium at 30°C for 15 h 
(Tounsi and jaoua 2002). Bacterial cells were centrifuged at 
5000 £ for 5 min at 4°C Pellets were suspended in 2 ml of 
buffer (25% w/v, sucrose; 50 mmo! 1" 1 Tris-HQ (pH 8-0); 
0-25 mmol 1 1 EDTA) containing 1 mg ml 1 lysosvme, and 
incubated for 15 min at 37°C. The obtained proptopiasts 
were harvested by centrifugation and suspended in 0<6 ml 
lysis buffer (3 mmol l" 1 EDTA; 200 mmol l" 5 NaCl; 0 5% 
SDS) and 0-6 ml of phenol and centrifuged at 12 000 g for 
5 min at 4°C. The aqueous phase containing total RNA was 
treated twice with phenol /chloroform /iso amy lalcohol 
(25 : 24 : 1, by vol.). After precipitation with 100% ethanol, 
RNA pellets were washed with 1 mi 70% (v/v) ethanol, 
dried and dissolved in 50 jx\ of sterilized bi-distilled water 
treated with diethyl pyrocarbonaie. RT-PCR experiments 
were accomplished by using ready-to-go RT-PCR kit 
(Amersham) and purified RNA was treated with DNase I 
(RNasc-frce, Amersham). For Northern blot analysis, 20 ,ug 
of total RNA was electrophoresed in 1% agarose gel 
containing 1-2 mol l" 1 formaldehyde. The RNA was trans- 
ferred to nylon membrane (Hybond N*; Amersham) using 
20x SSC (Ix SSC is 0-15 mo] r 1 NaCl, 0-015 mol l" 1 
sodium citrate). 

Deita-endoioxin determination 

Delta-endotoxin was determined according to Zouari et al 
(3998). 
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ATGAAACTAAAGAATCAAQATAAGCAT 100 

MRLKNQDKHQSFSSNAKVDKISTDSLXNBTDI2 
TACAAAACATTAATCATGAAGATTGTTTGAAAATGTCTO 200 
LQNIffKSDC-LRN&zrZllVB? F V S A 3 7 I QTGI G IA 
GGGTAAAATACTTTGGTACCCTAGGCGTTCCTT^TGCAG 300 

GXILGTLGVPPAGQVASLYSFILGBLWPXGXNQ 
TGGGAAATCTTTATGGAACATGTAGAAGAGATTATTAAT 400 

WEIF MEHVBEIINQKISTYARNXALTDLXGLGD 
CCTTAGCTGTCTACCATGATTCGCTTGAAAGTTGGGTTGGAAAT 500 
ALAVYHDSkESWVGNRNNTRARSVVXSQYIALEL 
GATGTTCGTTCAGAAACTACCTTCTTTTGCAGTGTCTGGAGAGGAGGTACCATT 600 

MFVQXLPSPAVSGEEVPLLPIYAQAANIiHLLLL 
AGAGAT GC AT CTATTTTT GGAAAAGAGTGGGGATTATCATCTTCAGLAAATTTCAAC^ 700 

RDASIFGXEWGLSSSEISTFYNRQVERAGDY.SD 
ATTGTGTGAAATGGTATAGGACAGGTCTAAATAACTTGAGGGGTAC^ 300 
HCVKWYSTGLMNLR'GTNABSWVRYMQFRRDMTLM 
GGTACT AGATTT AGTGGCACTA TTTC CAAGCTATGATACACAAATGT AT CCAATT AAAACT AC AGCCCAAC^ ACAAGA GAAGT AT ATACAGACGCAATT 900 

VLDLVAIiFPSYDTQMYPIKTTAQLTREVYTDAI 
GGGACAGTACATCCGCATCCAAGTTTTACAAGTACGACTTGGTATAATAATAATGCACCTTCGT^ 1000 

GTVHPHPS PTS TTWYNNNAP S P S A I EAAVVRNP 
ATCTACTCGATTTTCTAGAACAAGTTACAATTTACAGCTTAT^ 1100 
H ZiLDFLEQVTI Y SLLSRWSNTQYMJfMWGGHXLBF 
C C GAAC AATAGG AGGAAC 3T T AAATATCTCAACA CAAGG ATCT ACT AAT ACTT C T ATTAAT CCTGTAACATTA CCGTTCACTT CTCGAGACGTCTATAGG 1200 

RTIGGT LNISTQGSTNTS INPVT -LP FTSXDVYR 
ACTGAATCATTGGCAGGGCTGAATCTATTTTTAACTCAACCTGTTAATGGAG 1300 

TE S LA3LNL FL TQ P V N G V P RVD F K W X P V T H P I A 
CTGATAATTTCTATTATCCAGGGTATGCTGGAATT^ 1400 
SDNFYYPGYAGIGTQLQDSBNBLPPSATGQPNYE 
AT CTTATAG'TCATAGATTATCTCATATAGGACTCATTTCAGC^ 1500 

SYSHRLfiHIGLISASHVKALVYSWTHRSADRTN 
ACAATTGAGCCAAATAGCATTACACAAATACCATTAGTAAAAGCTTTCAAT 160 0 

TI E P N 3 I TQ I P LVKAFNL S S G AAVVRGP GFTGG 
ATATCCTTCGAAGAACGAATACTGGTACATTTGGGGATATACGAGTAAA 1700 
DI LRRTNTGTFGDI RVNI NPPFAQRYRVRIRYAS 
TACCACAGATTTACAATTCCATACOTCAATTAACGGTAAAGCTATTAATCAAGGTAAT^ 1600 

TTDLQFHTSINGXAINQGNFSATMNRGBDLDYX 
ACCTTTAGAAfJTGTAGGCTTTACCACTCC^TTTAGCT^ 1900 

TFRTVGFTTPFSFLDVQSTFTIGAWNFSSGNBV 
ATATAGATAGAATTGAATTTCTTCCGGTAGAAGTAACATATGAGGCAGAATATGA 2000 
YI DRIEFVPVBVTY BAEYDF8XAQEXVTALFTST 
GAATCCAAGAGGATTAAAAAGAGATGTAAAGGATTATCAT^ 2100 

NPRGLXTDVXDYHIDQVSNLVBSLSDBFYLD2K 
AGAGAATTATTCGA GA TAGTTAAATACGCGAACGAACTCCAT ATTGAGCGTAACATQTAG 2150 
R ELF E : V K Y A N E L H I E R N M • 

Fig. 1 Nucleotide sequence (EM3L accession number AJ315121) and deduced amino acid sequence of arybm3-3 \ The. underlined A TO and TGA 
correspond, respectively, lo the start and stop condons of cry'km3-3. The predicted Baal/us secretion signal peptide, has been italicized 

© 2003 The Society for Applied Microbiology, Journal of Applied Microbiology, 95, 23-28 
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RESULTS 

Southern hybridization and cloning of a 
cry1!a~type gene from BNS3 

The presence of a crylla-type gene in BNS3 was demon- 
strated by PCR amplification of an expected 0-7-kb fragment 
(Tounsi et at. 1999). Piasmid DNA of BNS3 digested with 
both Clal and BamHl restriction enzymes, was analysed by 
Southern blot hybridization with the 0-7-kb radio-labelled 
probe. A band corresponding to 3-kb Clal-BamHl restric- 
tion fragment was visualized on the autoradiogram (unpub- 
lished data). Thus, a library of the 3-kb Clal-BamHl 
fragments was constructed from BNS3 plasmid DNA and 
screened at strong stringency conditions using the same 0-7- 
kb probe mentioned above. The restriction enzyme analysis 
of the positive recombinant clones revealed the presence of a 
crylla-typt gene in BNS3. The cloned gene was called 
crybns3-3. 

Sequence analysis of crybn$3-3 

Analysis of the nucleotide sequence (EMBL accession no. 
AJ315121) (Fig. 1) of the cloned 3-kb Clal-BamHi fragment 
showed the presence of an open reading frame of 2160 bp 
encoding a protein of 719 amino acid residues having a 
predicted molecular mass of 81 kDa. The search for 
sequence similarity of crybns3-3 with the known genes, 
using the Blast program, revealed several differences with 
the published cryJte-iypc genes (Fig. 2). When compared 
with cry Ha J (Tailor et al. 1992), there were substitutions at 
positions 697 of T for G (transversion), 2133 of G for C 
(transversion) and 2134 of C for G (transversion), resulting 
in the substitution of Tyr 233 for Asp (domain I), Lys 711 for 
Asn and Gin 712 for G3u (domain III). Compared with 
crylla2 (Gleave et ai 1993), there were substitutions at 
positions 2133 of G for C and 2134 of C for G, resulting in 
the substitution of Lys 71! for Asn and Gin 712 for Glu 
(domain 111). Compared with cryllu3 (Shin et al 1995), 
there v/ere substitutions at positions 697 of T for G, 
resulting in the substitution in the amino acids sequence of 
Tyr 233 for Asp (domain I). Compared with crylla4 
(Kostichka el al 1996), there were substitutions at positions 
1328 of T for C (transition), 2133 of G for C, 2134 of C for 
G and 1398 of C for T, resulting in the substitution in the 
amino acids sequence of, respectively, Val 443 for xAla 
(domain II), Lys 7 11 for Asn and Gin 712 for Glu (domain 111). 

Study of the expression of the crybns3-3 gene 
in the wild strain BNS3 

Although DNA dot-blot analysis and /or PCR analysis 
confirmed the presence of a ctylla-typt gene in most Bt 
strains, Crylla proteins were not detected in solubilized 



A-Endotoxins Alignment 

1 233 443 711 712 719 

a ▼ v tt a 

CryBN$3-3 : MKLKN. . . DVSj3|HCV. . . PGY0GIG. . . YA^HLHIERNM 
Cryllal : MKLKN. . .D\SQHCV.. . PG Y§GiG. . > YAJ2SlHiERNM 
Cry1la2 : MKLKN...DY^CV...PGVSQI6.-.YAlSgLHIERNM 
Cry1(a3 : MKLKN. . . DVSSHCV, - • PGY0GIG. . . YAjJjfLHIERNM 
Cry1ia4 : MKLKN... D^SSHCV...PGV2GIG...YA^;LHIERNM 

Fig. 2 Comparison of the amino acid sequence encoded by crybm$-3 
with those encoded by the other rry/ia-rype genes. Only the regions 
containing differences are presented, 'ilie vertical downward arrows 
indicate amino acid position. The black boxes represent the residues 
showing variations 



(a) (b) 
1 2 3 2 3 




Fig. 3 Northern blot analysis of crybns3-3 transcript (digitally proc- 
essed), (a) Total RNA, extracted as described in material and methods 
from BNS3 and BNSCry", and electrophoresed in 1% agarose gel 
containing 1-2 mmol T 1 formaldehyde. Lanes: 1, RNA Molecular 
weight markers (Amersham): 946, 6-23, 3-91, 2-80, 1-90, 0-87, 0-56, 
0-36-kb; 2, total RNA of BNS3Cry"; 3, total RNA of BNS3. (b) 
Northern blot of RNAs hybridized to a rry/tf-specific probe (lane 
designation are the same as for panel a) 

crystal preparations (Tailor et al. 1992; Gleave el al 1993). 
However, Kostichka et al (1996) and Masson et aL (1998) 
reported, respectively, that Bt AB88 expressed a crylla-typc 
gene in early stationary phase and Bt HD133 expressed a 
cryJIa-xyve gene at both the T2 and T5 stages of the 
sporulation phase. In our case, Crybns3-3 proteins were not 
found by SDS-PAGE of crystal preparation (unpublished 
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Fig. 4 Restriction map of the plasmid pKTBtrybw3-3. The con- 
struction of the plasmid is described in the text. Open boxes contain 
the replication origins of, respectively, Bt (ori Bt) and Escherichia colt 
(ori E.c). FiJled arrows indicates rhe direction of transcription of the 
erythromycin resistance gene (Em)> ompjcilHn resistance gene (Ap), 
crybt3s3-3 gene and the orientation of the double promoters Btl and BiTT 

Table 1 Evidence of the Crybns3-3-mcdiated tlelta-cndotovin pro- 
duction improvement 

Production of Improvement of 
CFU ielta-endotoxin delta-endotoxin 

Strain (ID 7 C ml~ J ) (mg J*" 1 ) production 

BNS3(pHTBlue) 100 960 Control 

BNS3(PHTJkiy*«ri-J) 100 U20 16-6 % 



data). Analysis of total RNA of BNS3 by Northern blot 
demonstrated that BNS3 expressed a crylla-type gene with 
a transcript size of 2-8-kb (Fig. 3). RT-PCR profile showed 
the amplification of an expected 0-7-kb fragment (using 
cry5A and crySB primers), which confirm the expression of 
crybns3-3 (unpublished data). 

Expression of crybn$3~3 under the control 
of the Btl and Btn promoters 

In order to improve the expression of crybns3-3 during the 
early and later stages of sporuiation, the crybn3~3 was cloned 
downstream of the double promoters Btl and Btll (Sedlak 
et ah 2000). First, the 3-kb Clal-BumHl fragment contain- 
ing the crybns3-3 gene was cloned in between the Clal and 



BamHl sites of the plasmid pHTBIue. Then, a 1-kb Smal 
fragment containing the Btl and Btll promoters obtained by 
PCR amplification-57/wI digestion {unpublished results) was 
cloned in the Hindi site of the recombinant plasmid 
pHTcrybns3-3. The resulting recombinant plasmid, con- 
taining the crybns3-3 gene under the control of the Btl and 
Btll promoters designated pHTBcryfas3~3 (Fig. 4), was 
transferred by electroporation to both BNS3 and 
BNS3Cry~. Microscopic examination of sporulated recom- 
binant transformants BNS3Cry" (pHTBcrybns3-3) revealed 
the lack of parasporal crystal inclusions. However, using 
polyclonal antibodies against crylA genes > the Crybns3-3 
was detected in the supernatant by ELISA. However, a 
comparison of delta-endotoxin production by the different 
strains (Table 1) showed that BNS3(pHTBcrybns3-3) pro- 
duced 16% more delta-endotoxins than BNS3(pHTBluc) 
used as a control. 

DISCUSSION 

It is known that Cry proteins, belonging to the same type, 
are closely related. In the present work we have isolated a 
novel crylla-typc gene, crybns3-3, encoding a protein of 719 
amino acid residues, having a predicted molecular mass of 
81 kDa. Hence, the Crybns3-3 protein sequence is different 
at several sites from those of the reported Cry! Ia proteins. 
As regards the effect of the reported substitutions in the 
crybn$3~3 gene, wc could expect modifications in toxicity and 
specificity of the encoded deita-endctoxins. Deep investiga- 
tions of such effects should be performed. Although delta- 
endotoxins encoded by cry I Jul and cryllal genes included 
single amino acid differences in domain I, they exhibited a 
different insecticidal activity spectrum, inferring different 
specificities (Gleave el at. 1993). Such results reinforce the 
idea that substitutions presented by ctybn$3-3 could be of 
interest for studies on toxicity. 

We demonstrated that BNS3 expressed a cryila-Xypt 
gene with a transcript size of 2-8-kb. By ELISA, the 
Crybns3-3 protein was detected at the early stages of 
sporuiation, in the culture media of BNS3. This indicates 
that Crybns3-3 delta-endotoxin is secreted probably due to 
the presence of a putative signal peptide in the N-terminal 
domain I (Kostichka et al 1996). 

In order to improve its expression, crybn$3-3 was cloned 
downstream both of the promoters Btl and Btll in the 
shuttle vector pHTBiue, and transferred to both BNS3 
and BNS3Cry". The lack of parasporai crystal inclusions 
in the sporulated recombinant transformants BNS3Cry~ 
(pHTBcrybns3-3) demonstrates that even when transcribed 
during the early and later stages of sporuiation, the delta- 
endotoxin Crybns3-3 does not crystallize. The enhancement 
of delta-endotoxin production by BteS3(pHTBcryb?is3-3) 
clearly shows that Crybns3-3 does not crystallize when it is 
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alone, but can interact and co-crystal lizc partially with the 
endogenous delta-endotoxins of BNS3, and participate in 
the formation of parasporai crystal inclusions. 
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